The aim of the present study was to describe the distribution of xerothermic species of vascular plants in the lower San River valley and the relationship between their density and the intensity of selected environmental (natural and anthropogenic) factors. Xerothermic species occurred more frequently in the present valley floor compared to the glacial terrace. Within the present valley, the highest density was observed in the floodplain. The examined species also occurred more often on steep slopes of the valley, at the margins of the present valley terraces, and in the area of occurrence of aeolian sands. Moreover, a positive correlation has been found between the number of xerothermic species and the area of polyhemeroby ecosystems. The distribution of xero-and thermophilous species is determined by natural edaphic and geomorphological factors as well as anthropogenic ones (land use, lowering of the groundwater level as a result of river regulation).
INTRODUCTION
The group of dry and warm habitat plants, depending on the adopted criteria (syntaxonomy, ecological indicator values), may be recognized in various manners. In the narrow sense, they are the taxa associated with dry grasslands of the class Festuco-Brometea. However, this group often includes plants typical of other syntaxa like Trifolio-Geranietea, Koelerion glaucae, Onopordion, Agropyretea, Berberidion, Prunion fruticosae, and Quercetalia pubescenti-petraeae as well as a number of other species with a wider ecological amplitude, but most often occurring in thermophilous communities in the given region. Distinguishing a particular socio-ecological group based on one narrow criterion often causes a lot of good indicator species to be omitted.
In Poland, the distribution of xerothermic plants and communities is often associated with river valleys such as the Vistula, Odra, Warta, Bug, or Noteć (R ad o m s k i and J a n o w s k a , 1965; C e y n o w a , 1968; F i l i p e k , 1974; K u c h a r c z y k , 2000, 2001 ; T r ą b a , 2010). In the landscape of river valleys, it is the steep and insolated slopes, usually rich in calcium and devoid of dense forest vegetation, which are the optimum for thermophilous plants. In such places typical dry grasslands, forest edges communities, thermophilous scrub and sparse forests are formed. However, apart from the optimal habitats, a certain number of xerothermic species is always present throughout the river valley. They most commonly occur in the drier parts of river terraces, erosion edges, pioneer and ruderal habitats. They grow on dry meadows and sandy grasslands, on balks, fallow lands, roadsides, scarps and in areas heavily transformed by man (K u c h a rc z y k , 2001; S k r z y c z y ń s k a and R z y m o ws k a , 2001; S k r z y c z y ń s k a and S t a c h o w i c z , 2007; M y ś l i w y , 2010).
The lower San flows through the Sandomierz Basin area whose Quaternary cover is mostly composed of sands (B u r a c z y ń s k i and W o j t a n ow i c z , 1966; K o n d r a c k i , 2002). In addition, a significant part of the valley has a mature relief lacking of distinct slopes. Such conditions are not favourable to colonization by thermophilous plants. The paper presents the characteristic of the distribution of xerothermic vascular plant species in this river valley and the relationship between their density and selected natural and anthropogenic factors.
Study area
The San is a medium-sized river with a drainage basin of 16 779 km 2 . The mean annual discharge in the lowland section near Radomyśl is 123 m 3 /s. The lower San valley is a wide erosion furrow (approximately 10 km wide) which has a complex system of river terraces. In the bottom of the valley, there are three main levels of terraces: floodplain, meadow (rendzina) terrace and glacial terrace, within which a few smaller steps can be distinguished (B u r a c z y ń s k i and W o j t an o w i c z , 1966; S z u m a ń s k i , 1982, 1986) . The surface of the Pleistocene terrace area is occupied mainly by sandy podsolic soils. The present valley floor is filled with alluvial deposits, with mainly loamy soils on the meadow terrace and silty-sand soils in the floodplain (W o n d r a u s c h , 1954; P a s t e r n a k , 1963; S z u m a ń s k i , 1986). Distinct steep slopes occur only on short sections and they are covered with loamy landslides. The plateau is built of Miocene clays underlying the surface of diverse deposits of glacial, fluvioglacial and aeolian origin (B u r a c z y ń s k i and W o j t a n o w i c z , 1966; B u t r y m , 1968; W o j t an o w i c z , 1971).
The main river-control and embankment construction works were carried out at the turn of the 19 th century. This resulted in activation of deep erosion, a lowering of the water table (especially in the immediate vicinity of the river), and a reduction in the area of the active floodplain (W i l g a t and K o w a l s k a , 1975; S z u m a ń s k i , 1986; W y ż g a , 2008).
The Pleistocene terrace is largely covered in forests, while on the Holocene valley terraces agricultural landscape prevails. In the examined section of the valley, a medium-sized industrial town of Stalowa Wola is situated. 
MATERIALS AND METHODS
The distribution analysis of vascular plants was conducted on the basis of floristic data collected during the mapping of vascular flora in the years 2002-2008. A field investigation was carried out on a 50-km section of the valley from Ulanów to the river mouth ( Fig. 1) . 106 species of vascular plants were used in the analysis. The selection of species was based primarily on a broad phytosociological criterion. The core of the selected group consisted of species characteristic (according to M a t u s z k i e w i c z 2005) of the Festuco--Brometea class as well as of the Geranion saguinei and Koelerion glaucae alliances. Moreover, taking into consideration the specificity of local vegetation, a number of other species growing mostly in dry and warm places were added.
During the field investigation, the ATPOL grid (Z a j ą c , 1978) was applied and flora of 366 basic plots of 1 square km was mapped. A cartogram presenting the concentration of selected species was made.
Spearman's rank correlation coefficient and the visual-comparative method (comparison of cartograms showing the investigated phenomena) were used in order to determine relationships between the density of the studied species and the intensity of selected environmental variables. The following factors were taken into account: the area of floodplain, meadow terrace, glacial terrace, present valley floor, steep slopes, plateau, aeolian sands, polyhemerobic ecosystems (S u kk o p , 1969, 1972) , and the length of the Holocene/ Pleistocene edge zone. The area of these elements of the environment was estimated as the percentage of coverage of basic plots adopting the following scales: 10-rank scale for relief elements (1 -1-10%, 2 -11-20%, 3 -21-30%, etc.), 5-rank scale for polyhemerobic ecosystems (1 -1-5%, 2 -6-25%, 3 -26-50%, 4 -51-75%, 5 -76-100%). Being very specific systems, polyhemerobic ecosystems were treated comprehensively -they consist of technical infrastructure and the accompanying synanthropic vegetation. To determine the elements of relief, detailed geological maps and geomorphological literature were employed (B u r a c z y ń s k i and W o j t a n o w i c z , 1966; S z u m a ń s k i 1982, 1986). The area of polihemerobic ecosystems was estimated based on orthophotomaps and field notes.
List of selected xerothermic species and their phytosociological affiliation is given below: Achillea collina (Fest-Brom), A. pannonica (Fest-Brom) , 
RESULTS
Among the 106 species concerned, over 35% are rare taxa (<5% of the cartogram units), and only five of them can be regarded as widespread (>50% of the cartogram units). Their concentration in basic plots ranged from 0 to 38, with an average of 11.9. The study indicates a quite regular pattern of distribution of xerothermic plants in the San River valley. It is associated primarily with the location of the river terraces. Overall, the study area is characterized by greater density of the studied species on the Holocene terraces in comparison to the glacial terraces (Fig. 2 On the Pleistocene terrace, grassland species are rather rare components of the flora and they are only slightly more numerous in places of aeolian sands (visible in the comparative method). Dune areas are the optimum for Anthericum ramosum, Dianthus carthusianorum, Polygonatum odoratum, and Silene nutans. Steep slopes, closing the typical arrangement of the river valley, are a zone of frequent occurrence of xerothermic species. The species that clearly prefer this part of the valley are, e.g., Centaurea scabiosa and Vicia dumentorum.
A considerable proportion of xero-and thermophilous species take advantage of ruderal habitats which are developing in various parts of the valley (Table 1) . A number of them, such as Acinos arvensis, Centaurea stoebe or Poa compressa, inhabit almost exclusively those places. A noticeable concentration of such species is observed in the vicinity of the town of Stalowa Wola, in its industrial parts as well as in residential areas.
DISCUSSION
Local distribution ranges of plants are determined by a specific combination of natural and anthropogenic factors. The reasons for the presented distribution pattern of xerothermic plants in the San River valley can be found in edaphic and geomorphological conditions as well as in the form of land use. The present valley floor is lined with meso-to eutrophic fine sediments, while the glacial terrace comprises mostly sandy oligotrophic substrates (B u r a c z y ń s k i and W o j t a n o w i c z , 1966). The latter are rather reluctantly occupied by typical xerothermic species, since they require soils which are slightly richer in nutrients and, most of all, which contain a certain amount of calcium carbonate. A greater concentration of xerothermic species found in the dune areas may result from a larger participation of the silt fraction in the substrate in some of their parts, e.g. dune lee-face slopes (B ut r y m , 1968; W o j t a n o w i c z , 1969).
The glacial terrace and the present valley bottom also differ very significantly in forms of land use. A vast part of the Pleistocene terraces is covered by forests which restrict the migration and territorial occupancy of xero-and heliophilous plants. On the other hand, the present valley floor is dominated by agricultural mosaic landscape which is favourable to them.
In the case of xerothermic plants occurring in the temperate humid climate zone, human activity plays a key role in forming suitable habitats; traditional extensive agriculture is particularly conducive to this process. The changing economic situation at the end of 20 th century enforced modifications in farming management activating changes in ecosystems of agricultural landscape (B a r a b a s z , 1994; K o r n a ś , 1990). A large part of farmlands, especially with low quality soils, was abandoned. It resulted in the emergence of a mosaic of labile phytocoenoses in various stages of succession (B a r a b a s z -K r a s n y , 2002; Trąba et al. 2004 ). Furthermore, wasteland burning, which was frequently applied in the San valley till the beginning of the 21 st century, was an important practice for the existence of xerothermic species. Thus, in the initial stage of the described transformations, there were still favorable environmental conditions for xerothermic plants. At present, in the San River valley and throughout the country, xeric open and sub-open communities decline rapidly.
The high concentration of xerothermic species on the San River floodplain is an interesting phenomenon. It seems that the main indirect cause of this situation is river regulation carried out more than 100 years ago. It consisted in straightening and, above all, narrowing of the wild river, which was at the time braided in character (S z u m a ń s k i , 1986). It resulted in activation of deep erosion and river incising into the valley bottom. The scale of this phenomenon is varied; in the San valley, the depth of erosion incision varies from 3.1 m near Jarosław to 2 m at the point of Nisko (W y ż g a , 2008 ). The greatest intensity of erosion occurred in the second half of the 20 th century. The river incision results in the lowering of the water table, which is most visible in the floodplain built of permeable sandy sediments. Another consequence is a reduction in inundation area and a decrease in sedimentation of the material carried by the river during overbank flow and, as a result, a decrease in fertility of the habitats (W i l g a t and K o w a l s k a , 1975; S z u m a ń s k i 1986; W y ż g a 2008). The occurrence of grassland species in the upper parts of the floodplain may be a natural phenomenon in the valleys of undisturbed water conditions, however, their significant concentration in comparison to other parts of the valley is certainly not a regularity and it is most likely the result of the process described above.
The phenomenon of intensive river incision has been reported, among others, from the territory of France (B r a v a r d et al. 1997 ). The authors of this study also presented the possible consequences of the impact of changes in water table level on alluvial floodplain vegetation. Thus, a lowering of the water table which does not exceed 1 m will have no impact on plant communities of the floodplain if the fluvial dynamics is preserved, while a reduction in excess of 3 m will result in significant changes in plant communities of all successional stages. An indication of the changes will be a large participation of xerothermic species typical of the valley slopes. A reduction in the range of 1-3 m will increase the proportion of xerophilous species in the group of herbaceous plants growing in the more permeable soils. It seems to be precisely the case in the examined section of the San valley. Over--dried silty-sand deposits and extensive farming on the floodplain create favourable conditions for the development of xerothermic vegetation. Detailed studies on the effects of river incision and the resulting changes in water conditions on flora dynamics will be conducted by the author in subsequent years in the Carpathian river valleys of the Sandomierz Basin.
By comparison, the distribution of species of xerothermic communities in the section of the middle Vistula River adjacent to the San River looks completely different. In the section of the Vistula explored by K u c h a r c z y k (2001), the highest density of xerothermic species can be observed on the valley's steep slopes, while on the floodplain it is very low. This is mainly due to the different nature and geographical location of the valleys and, to some extent, also to the degree of regulation of the two rivers. Unlike the lower San, the middle Vistula is located in the area of rocks rich in calcium carbonate and almost the entire length of the examined section has distinct steep slopes. Moreover, the Vistula remained for a long time (and in many section it still does) an unregulated river of braided character, and the bottom of the floodplain retains table caused by river regulation is probably the main cause of high density of xerothermic plants in the floodplain. 4. A positive correlation has been found between the number of xerothermic species and the area of polyhemeroby ecosystems.
